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1

METHOD OF PROVIDING SOUND PRIVACY
SYSTEM COMPATIBLE WITH MONO AND BTSC
STEREO AUDIO

TECHNICAL FIELD OF THE INVENTION

The invention relates to television audio transmission,
especially to audio transmission over a cable network.

BACKGROUND OF THE INVENTION
For standard American television transmission the
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intensity video information is limited to a bandwidth of

4 MHz, with the remainder of a 6 MHz channel being
used for the lower vestigial sideband and the audio
transmissions. The audio transmissions are modulated
on a standard 4.5 MHz carrier within the channel.

It is desirable to provide a level of security in cable
television transmission so that the video and/or audio
segments of a transmission may only be viewed and/or
heard on a premium basis by subscribers who have paid
a special fee (premium) therefor.
~ U.S. Pat. No. 4,402,010 discloses a television signal
processing and transmission system.

Commonly-owned U.S. Pat. No. 4,646,150 discloses
APPARATUS AND METHOD FOR STEREO
TELEVISION SOUND, and is referenced to show
television audio transmission and reception techniques.

Commonly-owned U.S. Pat. No. 4,628,358 and U.S.
patent application Ser. No. 022,380, filed on Mar. 5,
1987, now U.S. Pat. No. 4 821 097, describe various
techniques for scrambling television transmissions, and
descrambling the transmissions at the subscriber end of
the cable network. These techniques, although effec-
tive, are typically complex, and relatively costly to
impiement.

DISCLOSURE OF THE INVENTION

An object of the invention is to provide a technique
for transmitting an audio component of a television
transmission in a format such that it can be received
only by subscribers having special equlpment which
may already be in place for other premium viewing/lis-
tening purposes. The technique of the present invention
may be advantageously employed in either a “stand
alone” mode, wherein it is the sole technique for pro-
viding premium audio reception, or it can be used in
connection with other known techniques to provide an
additional level of security for premium transmissions.

According to the invention, the audio portion of a
TV signal is modulated at a frequency that is offset from
the standard carrier frequency. In the embodiment dis-
closed herein, the audio portion of the TV signal is
modulated with a 4.75 MHz carrier that is offset from
the standard 4.5 MHz carrier.

In order that a standard TV receiver cannot receive
the offset audio signal, the TV signal further contains an
unmodulated carrier signal at 4.5 MHz.

Other objects, features and advantages of the inven-
tion will become apparent m light of the following
description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a frequency spectrum graph of a standard
(prior art) television signal.

FIG. 2 is a frequency spectrum graph of a television
signal according to the present invention.
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FIG. 3 is a block diagram of stereo encoder and video
modulator for use in the transmission of television sig-
nals, according to the present invention.

FIG. 4 is a graph of a television signal transmitted by
the circuit of FIG. 3. .

FIG. § is simplified block diagram of a baseband
converter for receiving the television signal transmitted
by the circuit of FIG. 3. |

The following commonly-used abbreviations (in pa-
rentheses) may be used throughout this application,
including the drawings: alternating current (AC);
adaptive delta modulation (ADM); audio frequency
(AF); automatic gain control (AGC); amplitude modu-
lation (AM); amplifier (AMP); bandpass filter (BPF);
Broadcast Television Standards Committee (BTSC);
cable television (CATYV); decibel (dB); direct current
(DC); Federal Communications Commission (FCC);
frequency division multiplexing (FDM); horizontal
frequency (fg); frequency modulation (FM); intermedi-
ate frequency (IF); gain (K); kilohertz (KKHz); mega-
hertz (MHz); microprocessor {(uP); modulator (MOD);
National Television Standards Committee (INTSC);
pulse amplitude modulation (PAM); pulse code modula-
tion (PCM); pulse modulation (PM); pulse width modu-
lation (PWM); quadrature phase shift keying (QPSK);
radio frequency (RF); surface acoustic wave (SAW);
time division multiplex (TDM); television (TV); and
very high frequency (VHF).

DETAILED DESCRIPTION OF THE
INVENTION

By way of background information, a standard TV
signal comprises a video signal and an audio signal. The
video signal occupies the first 4.25 MHz of signal band-
width in a channel, and the audio signal 1s modulated at
4.5 MHz. Standard TV receivers are equipped to detect
the audio signal located at 4.5 MHz within the selected

TV channel.

FIG. 1 shows a graph 10 of a standard, prior art
television (TV) channel. The vertical axis represents
signal amplitude, and the horizontal axis represents
signal fréquency. The video component of the TV sig-
nal is represented by a line 12, and the audio component
of the TV signal is represented by a line 14. A 4.5 MHz
(Megahertz) audio carrier is represented by a line 16,
about which the audio signal 14 is centered.

FIG. 2 shows a graph 20 of a television signal trans-
mitted according to the technique of the present inven-
tion. The vertical axis represents signal amplitude, and
the horizontal axis represents signal frequency. The
video component of the TV signal is represented by a
line 22, and is similar to the line 12 of FI1G. 1. The audio
component of the TV signal is represented by a line 14,
and is notably not centered about the audio carrier 26 at
4.5 MHz. Rather, the audio signal 24 is offset from the
standard 4.5 MHz carrier, and is centered about 4.75
MHz. A 4.75 MHz audio carrier is represented by a line
28, about which the audio signal 24 is centered. This
creates a “nonstandard” audio signal in the composite
television signal transmitted, for instance over a cable
TV transmission line.

As shown in FIG. 2, the standard 4.5 MHz audio
carrier 26 (16 of FIG. 1) is left unmodulated. According
to the present invention, the audio carrier 26 may be at
slightly less than 4.5 MHz to allow more spectrum
space for the audio signal, as is described in greater
detail hereinafter. As an example, the unmodulated
audio carrier can be inserted at a frequency as low as
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4.25 MHz without interfering with the video signal of

the television transmission.
At the receiving (subscriber) end, the audio signal 24

(FIG. 2) is demodulated, and then remodulated onto a

standard 4.5 MHz audio FM (frequency modulation)
carrier. This demodulation/remodulation is accom-

plished in the sound receiver of a baseband converter,
described in greater detail hereinafter.

In a standard television receiver, the audio signal is
detected at 4.5 MHz. Therefore, 1n a standard TV re-
ceiver, the unmodulated 4.5 MHz carrier (26 of FIG. 2)
quiets the audio reception entirely, thereby providing
an additional level of security (for premium services) at
virtually no cost. |

By leaving the normal sound carrier (26 of FIG. 2)
present, but unmodulated at 4.5 MHz, or preferably
slightly lower, as discussed hereinbefore, and FM mod-
ulating a carrier (28 of FIG. 2) at an offset frequency,
preferably above 4.5 MHz, such as at 4.75 MHz, a stan-
dard NTSC TV receiver will not be able to demodulate
the program audio signal.

FIG. 3 shows an embodiment of apparatus 30 for
transmitting a TV signal according to the present inven-
tion. A video component of the TV signal is provided
on a line 31 to a stereo encoder 32, such as a
“Commander  Multichannel Television  Sound
- (CMTYS)” stereo encoder available from General Instru-
ment Co. (Jerrold Division), assignee of the present
invention. An audio component of the TV signal is
provided on a line 33 to the stereo encoder 32. An up-
converter (not illustrated) would provide the audio
signal offset from the standard frequency, for instance
at 36.5 MHz rather than at 36.75 MHz. The video com-
ponent of the transmitted TV signal is provided on a
line 34 from the stereo encoder 32 to a video modulator
35. A suitable video modulator is the “C4M” available
from General Instrument Co. (Jerrold Division). The
composite (video and audio) IF output of the stereo
encoder 32 is provided as an input 37 to the video mod-
ulator 35 at 45.75 MHz (video), and 41.25 MHz (unmod-
ulated audio carrier) and 41.00 MHz (modulated audio
carrier). The composite (video and audio) IF output of
the video modulator is provided on a line 36 to the
stereo encoder, for instance at 45.75 MHz (Video) and
41.25 MHz (Audio). The output of the video modulator
35 1s provided on a line 38, such as a cable TV transmis-
sion line as an RF signal.

FIG. 4 is a graph showing the audio portion of a TV
signal output from the apparatus of FIG. 3. The vertical
axis i1s in decibels (dB), and the horizontal axis is in
frequency. In a preferred embodiment of the invention,
the signal level of the unmodulated sound carrier 36 (26
of FIG. 2) at 4.5 MHz is at 25 dB below the level of the
picture carrier, and the signal level of the modulated
audio carrier 38 (28 of FIG. 2) at 4.75 MHz is at 15 dB
below the level of the picture carrier. 15 dB down is the
standard level for sound carriers on a cable system. 25
dB down allows the standard TV receiver to limit on
4.5 MHz rather than 4.75 MHz.

FIG. 5 shows a baseband converter 50 for receiving
the signal generated by the encoder/modulator of FIG.
3.

A cable input 52 receives TV signals over the cable
TV transmission line (not shown). These would include
both signals transmitted with standard audio format
(modulated at 4.5 MHz) and those transmitted accord-
ing to the technique of this invention (modulated at 4.75
MHz and an unmodulated audio carrier at 4.5 MHz).
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The signals are split by a splitter 54 onto two signal
paths 56 and 38. |
Channel selection is effected by a keyboard (KYBD)

or infrared (I.R.) remote sensor 60 and a microproces-

sor (uP) 62 which exercises control over a tuner 64, all
in 2 manner well known in the art to which this inven-

tion pertains. Premium channel service, in this case
reception of the nonstandard audio signal, is effected by
a signal received by an FM receiver 66, out of band,
containing encoded information as to which channel
tags should be enabled for reception of the nonstandard
audio format. These codes are passed on to the micro-
processor 62, again in a manner well known in the art to
which this invention pertains.

The output of the tuner 64 is provided through a
splitter 68 along two signal paths, 70 and 72.

In one path, 70, the video portion of the TV signal is
treated in standard manner. First it is provided to a
video IF descrambler 74, which is under control of the
microprocessor 62, then it is amplified by an amplifier
76 and passed through a bandpass filter (BPF) 78 tuned
to the video portion of the TV channel. As an example,
the video signal at this point is at 45.75 MHz. The video
signal is then provided to a Video IF and Sound IF
Detector 80, such as a Mitsubishi M51365SP Quasi-par-
allel detector. The video signal is then passed on to a
video and audio processor 82, and to a modulator 84.
The RF output of the modulator 84 is provided to the
user reception apparatus (television set or video re-
corder).

In the other path 72, the audio-portion of the TV
signal i1s treated in a nonstandard manner. First it 1s
amplified by an amplifier 86, and then 1s passed on to a
bandpass filter 88 tuned to the audio portion of the TV
channel. The audio signal is then provided to the Video
IF and Sound IF detector 80. As an example, the con-
tent of the audio signal at this point is 41.00 MHz (mod-
ulated carrier) and 41.25 MHz unmodulated carrier,
according to the technique of this invention. Or, if the
television transmission is in standard format, the 41.25
MHz component is modulated. The detector 80 pro-
vides a downshifted audio signal with 4.5 MHz (unmod-
ulated) and 4.75 MHz (modulated) components to a
bandpass filter (BPF) 90 tuned to 4.5 MHz. (Or, if in
standard format, 4.5 MHz modulated audio signal). In
either case, standard or nonstandard transmission, the
4.5 MHz output of the bandpass filter 90 is provided to
the detector 80, and discriminated by a 4.5 MHz dis-
criminator 92. Thus, if the 4.5 MHz signal is modulated,
then an audio signal will be present on the line 94. Thus,

if the 4.5 MHz signal is unmodulated, then there will be
no audio signal present on the line 94.

A bandpass filter 96 tuned to 4.75 MHz receives the
downshifted audio signal from the detector 80, and
provides the signal to a FM detector 98. A discrimina-
tor 100 set at 4.75 MHz 1s associated with the detector
98. The output of the detector is provided on a line 102,
marked “Audio 2”. .

'The microprocessor 62 provides a switching signal to
a switch 104 in the video and audio processor to select
between standard audio transmissions coming over the
line 94 (Audio 1) and nonstandard audio transmissions
coming over the line (Audio 2). The selected output of
the switch 104 is provided as an input to the modulator
84, the output of which is a TV signal having picture
and sound components at the normal 4.5 MHz picture-
to-sound carrier frequency spacing.
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In essence, simply by changing the band pass filter (in
the example of FIG. §, changing the BPF 96 and dis-
criminator 100) in the sound receiver of the baseband
converter to the offset frequency, e.g. 4.75 MHz, the
baseband converter will receive and demodulate the
desired program audio. The demodulated audio signal is
used to modulate the internal 4.5 MHz FM modulator
so that the RF (radio frequency) output of the baseband
converter is provided in standard NTSC (or BTSC for
stereo audio) format for reception at the wcwcrs TV

set.
What is claimed 1s:
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1. A method for providing an audio signal in an ap-

proximately 6 MHz radio frequency channel of a televi-
sion signal, said method comprising the steps of:
generating a video signal having an approximately
4.25 MHz bandwidth for inclusion in said channel;
generating an audio signal;
generating a first, unmodulated carrier signal at ap-
proximately 4.5 MHz for inclusion in said channel;

generating a second carrier signal offset in frequency
from the first carrier signal for inclusion in said
channel; and

modulating the second carrier signal with the audio

signal; wherein:

the video signal includes a picture carrier having a

signal level;

the first, unmodulated carrier is at a signal level

 below the level of the video signal; and

the second carrier is at a signal level between the

level of the video signal and the level of the first,
unmodulated carrier.

2. A method according to claim 1, wherein the sec-
ond carrier signal is at a frequency of approximately
4.75 MHz within the channel.

3. A method accordmg to claim 1, wherein: the level
of the picture carrier is 0 dB;

the level of the first unmodulated carrier is approxi-
mately 25 to 30 dB below the level of the picture
carrier; and

the level of the second carrier is apprommately 15dB

below the level of the picture carrier.

4. A method of recetving a TV signal generated ac-
cording to claim 1, comprising:

receiving the audio signal on the second carrier;

demodulating the audio signal from the second car-

rier;

generating a third carrier signal at approximately 4.5

MHz; and

-modulating the third carrier signal with the audio

signal for provision to a TV set.

5. A method for providing reception of a television
audio signal transmitted at a nonstandard audio carrier
frequency, comprising the steps of:

receiving a television signal including:

a picture carrier having a signal level,

an unmodulated standard audio carrier having a
signal level below the level of the picture carrier,
and

a modulated nonstandard audio carrier at a signal 60

level between the level of the picture carrier and
the level of the unmodulated standard audio
carrier; and
transiating said nonstandard audlo carrier to a stan-
dard audio carrier frequency for reception by a
conventional television receiver.
6. A method according to claim 5 comprising the
further step of:
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translating said nonstandard audio carrier to said
- standard audio carrier frequency only if authorized
by a prior authorization signal.

7. A method according to claim 5 wherein:

the level of the picture carrier is 0 dB;

the level of the standard audio carrier is approxi-

mately 25 to 30 dB below the level of the picture
~ carrier; and

the level of the nonstandard audio carrier is approxi-

mately 15 dB below the level of the picture carrier.

8. A method according to claim § wherein said trans-
lating step comprises the steps of:

demodulating said nonstandard audio carrier; and

remodulating the demodulated carrier onto said stan-

dard audio carrier frequency.

9. Converter apparatus for enabling a conventional
television receiver to reproduce a television audio sig-
nal transmitted at a nonstandard audio carrier frequency
comprising:

means for receiving a television channel signal from a

cable television network or the like; and

means coupled to said receiving means for translating

an audio portion of said signal at a nonstandard
audio carrier frequency to a standard audio carrier
frequency for input to a conventional television
receiver; wherein the television channel signal
includes:

a picture carrier having a first signal level,

a standard audio carrier having a signal level below

the level of the picture carrier, and

a modulated nonstandard audio carrier at a signal

level between the level of the picture carrier and
the level of the standard audio carrier.

10. Converter apparatus in accordance with claim 9
further comprising:

means for receiving authorization data from said

cable television network; and

means responsive to said authorization data for pro-

viding the translated audio portion at said standard
audio carrier frequency only when authorized.

11. Converter apparatus in accordance with claim 10
wherein the means responsive to said authorization data
comprise a switch for inputting said translated audio
portion to said television receiver when authorized, and
for inputting a standard audio carrier contained in said
television channel signal to said television receiver
when not authorized.

12. Converter apparatus in accordance with claim 11
wherein the standard audio carrier contained in said
television channel signal is unmodulated.

13. Converter apparatus in accordance with claim 9
wherein said standard audio carrier frequency is at 4.5
MHz within a 6 MHz wide television channel signal.

14. Converter apparatus in accordance with claim 13
wherein said nonstandard audio carrier frequency is at
approximately 4.75 MHz within a 6 MHz wide televl-
sion channel signal.

15. Converter apparatus in accordance with claim 9
wherein said television channel signal picture carrier
comprises a video portion and said translating means
combines said audio and video portions into a standard
composite RF television channel signal for input to said
television receiver.

16. Converter apparatus in accordance with claim 9

wherein said translating means comprises:

means for demodulating the audio portion of said
signal received at said nonstandard audio carrier
frequency; and

means for remodulating said audio portion onto said .

standard audio carrier frequency.
_ x % B * *
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